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HIGH-LATITUDE F-REGION IRREGULARITIES:

INTENSITY AND SCALE SIZE DISTRIBUTIONS

I. INTRODUCTION

A. The Latitudinal Regimes of F-Region Irregularities

The study of density irregularities in the ionospheric F-

region has divided itself naturally into three regimes: the low,

middle and high geomagnetic latitudes. These regimes have funda-

mentally different sources of the irregularities, associated with

the degree of coupling to higher altitude magnetospheric

phenomena. The coupling is related, of course, to the orienta-

tion of the geomagnetic field as a function of magnetic latitude.

At low latitudes, where the geomagnetic field tends to be

horizontal, direct coupling to magnetospheric disturbances is

inhibited since plasma motion is constrained to follow the

magnetic field line direction. As a result, localized instabili-

ties such as the Rayleigh-Taylor and E X B gradient drift

instabilities are the principal sources of low latitude F-region

irregularities. The study of the nighttime phenomenon called

equatorial spread-F is an example of a relatively extensive

investigation of local plasma instability processes in the F-

region ionosphere. Theoretical and experimental efforts have

identified cause-effect relationships for irregularity distribu-

tions extending from planetary scale sizes (tens-to-hundreds of

kilometers) down to the short-wavelength sub-meter regime (Kelley

[1979]; Fejer and Kelley [1980); Ossakow [1979]; Keskinen et al.

[1981); Szuszczewicz et al. [1981]; Kelley et al. [1982b]; and

Singh and Szuszczewicz [1983]). In many ways, the equatorial

study and attendant definitions of irregularity scale size

Manuscript approved May 6, 1983.
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domains has laid a valuable foundation for its more complicated

counterpart at high latitudes.

Generally, the mid-latitude and daytime equatorial regions

are the ionospheric F-region domains least disturbed. This is

shown, for example, by Clark and Raitt [1976) in their study of

large scale irregularities at altitudes upwards of 400 km. The

review by Fejer and Kelley discusses some additional experimental

and theoretical results concering mid-latitude irregularities.

At high magnetic latitudes, i.e., Xm  -P 50 , the magnetic

field topology provides good electrial coupling to large-scale

magnetospheric processes. As a result, ionospheric irregulari-

ties can be driven by both localized and remote sources. In

general, three sources have been enumerated [Fejer and Kelley,

1980): particle precipitation, electrostatic turbulence and

plasma instabilities. The occurrence of auroras is one of the

most obvious ionospheric disturbances at high latitudes,

resulting from particle precipitation that is associated with

magnetospheric processes. Field-aligned currents, also found in

the auroral regions, are apparently the principal source of free

energy that leads to electrostatic turbulence and plasma insta-

bilities. A review of theories for high latitude irregularities

is provided by Keskinen and Ossakow [1983b]. Ground-based

observations of satellite beacon transmissions have very con-

clusively shown that field-aligned irregularities occur at

auroral latitudes [Fremouw et al., 1977; Rino et al., 1978). The

current convective instability has been proposed as the source of

the field-aligned irregularities [Ossakow and Chaturvedi, 1979;

Chaturvedi and Ossakow, 1979) and numerical simulations have
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tended to support this theory [Keskinen et al., 1980; Keskinen

and Ossakow, 1982). Experimental observations of F-region density

enhancements in the auroral zone consistent with the current

convective instability have been reported by Vickrey et al.

(1980]. In the lower F-region, both enhancements and depletions

of ionization have been found in association with discrete and

diffuse auroras (Rodriguez et al., 1981]. Within the polar cap,

small scale irregularities can be driven by larger scale density

gradients. The larger scale irregularities can arise from velo-

city shear in the plasma convection or from polar cap precipita-

tion [Weber and Buchau, 1981). The effect of E-r 'gion conducti-

vity on the small scale F-region irregularities and their

evolution during convection has been discussed by Vickrey and

Kelley (1982) and Kelley et al. [1982a]. Thus, ionospheric

irregularities at high magnetic latitudes are associated with

magnetosphere-ionosphere coupling processes.

B. A Preview of the Present Study

In this report, we shall discuss recent satellite observa-

> 0
tions of F-region irregularities at magnetic latitudes X - 60m

and in the altitude range 170-200 kin, i.e., in the high latitude,

lower F-region. The objective of this study is to provide a

synoptic view of irregularity structure and scale sizes associ-

ated with the morphology of the high latitude irregularities.

The source regions that we consider are the auroral oval, th2

polar cusp and the polar cap. We also consider the large scale

convection pattern and associated density gradients as a possible

source of density fluctuations.
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We shall consider only relatively quiet to moderately dis-

turbed conditions, as determined by the Kp and AE indices, in

deriving our synoptic view of density irregularities. The study

is based upon density measurements obtained during 21 high-

latitude passes of the satellite S3-4. The passes were carefully

selected to correspond to a moderate level of geomagnetic

activity, K <
'J 2-3. Since the Kp index is a three-hour average,P

the better time-resolved index AE was also consulted [Kamei and

Maeda, 1981). All data time intervals discussed in this report

correspond to AE indices less than about 500, and are not

associated with any strong substorm activity. The AE index for

most of the times discussed was on the order of 100. Generally,

for this level of activity, the global patterns for particle

precipitation, field-aligned currents, and plasma convection at

high latitudes are well-defined. For example, electric field

measurements have been used by Heppner [1977] to model the large

scale plasma motion with a skewed two-cell convection pattern.

Heelis et al. [1982] have provided a similar model. The data

were also selected to correspond only to the northern polar

region, and in all cases except one, for interplanetary magnetic

field orientations such that the y-component in solar ecliptic

coordinates was negative. Under these conditions the best

determined high latitude plasma convection pattern appears to be

that of Heppner (1977) in his Figure 6(d). We have adopted that

convection pattern as corresponding to the period of our measure-

ments, March to September, 1978. The global pattern of auroral

precipitation is represented in our study by the auroral oval
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model of Holzworth and Meng [1975] and Meng et al. [1977). They

provide the poleward and equatorial boundaries for the occurrence

of discrete auroral arcs for various levels of the geomagnetic

activity index Q. We adopt their model for Q=2. The pattern of

field-aligned currents is generally correlated with the auroras,

with upward flowing currents associated with discrete aurora and

downward flowing currents associated with diffuse aurora [Potemra

et al., 1979]. For the geomagnetic conditions of this study, we

shall assume that the global pattern of field-aligned currents is

essentially the same as the Q=2 auroral oval, with the possible

extension of the equatorial boundary a few degrees further

equatorward to include downward flowing currents (i.e., diffuse

auroras).

The results of the study show that in general the large

scale (> 7.5 ki) morphology of density irregularities correlates

well with the auroral oval, thus suggesting that particle pre-

cipitation and/or current-driven plasma instabilities are the

main source of the irregularities. Density fluctuations in the

cusp are especially evident, presumably indicating that the soft

particle precipitation there is the prime source for irregular-

ites. In the polar cap region the global convection pattern

appears to have only a small influence on the transport of large

scale size irregularites; there is generally also a marked

absence of small scale irregularities.
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II. THE S3-4 SATELLITE DENSITY MEASUREMENTS

A. Density Probes

The 33-4 satellite was launched into a polar, sun-

synchronous orbit on March 16, 1978 with orbit apogee and

perigee at 260 km and 160 kin, respectively. The satellite

carried a pair of pulsed plasma probes (P 3) supplied by the Naval

Research Laboratory. The P3 instrument was a Langmuir-type probe

using a pulse-modulated sweep voltage to generate current-voltage

characteristics from which the local electron density, tempera-

ture, and plasma potential can be derived. The relative plasma

-1
density was measured with two data rates, 100 samples s and 800

-1
samples s . The maximum resolutions for irregularity scale sizes

at the two data rates are L - v sc At ^ 10 m at the high rate,

" 7 km -1istepacrf
where At = 0.0012 s and vs 7 5 km s is the spacecraft

velocity and L 'i v At ' 75 in at the low rate, where At = .Ols.
sc

A more complete description along with a discussion of additional

analyses possible with the P3 instrumentation is provided by

Szuszczewicz et al. [19821 and references therein.

B. Data Averaging

In this report, only the low data rate measurements are

analyzed, and these are averaged to obtain approximately 1-s

averages. Plots based on these averages thus contain information

on scale sizes L -> 7.5 km; however, diagnostic information on

scale sizes down to 75 m is retained. An example of the 1-s

average data at high northern latitudes is shown in Figure 1.

Approximately ten minutes of data from S3-4 orbit 244 are plotted

as a function of universal time (UT), magnetic latitude (MLAT),
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North Polar F-Region

S3-4 Orbit 244 3 1 March 1 978

di) 106

104

oLA Auru 734811 8.6m.1 7.

NL HMI 232 003 050 083 0927

ALT Ikm) 189.5 185.3 181.2 117.3 173.3
SZA (01 94.4 86.9 79.4 72.0 64.6

Figure 1. To tal d e ns ity measured dur ing the orb it 241 traversal
of northern high latitudes. The polar cusp and auroral zone
are identified by the indicated density enhancements.



magnetic local time (MLT), altitude (ALT) and solar zenith angle

(SZA). The data plot shows the variation in electron density as

the spacecraft traversed north polar magnetic latitudes from

about X P 600 on the anti-sunward side to about X '- 70 ° on them m

sunward side. The highest magnetic latitude reached on this pass

was about Xm -P 860, near the center of the data plot. Two

regions of distinctive density enhancements are noted on the

plot, the auroral zone and the polar cusp. The identities of

these regions is supported by analysis considered below. The

5 -3
peak enhancement in the auroral zone is about 3.5 x 10 cm

5 -3while in the cusp, the enhancement reaches 8.0 x 10 cm A

smoother but still irregular variation of density is evident in

the polar cap region in the central portion of the plot.

C. Solar EUV Ionization

Also evident in Figure 1 is a general density increase from

left to right which is due to solar EUV photoionization. This

variation is a function of the solar zenith angle and is not

directly related to the variations associated with geophysical

phenomena, such as precipitating particles or plasma instabili-

ties. In this analysis we wish to remove the solar-dependent

ionization component, and we do this by modeling the variation

with an alpha Chapman ionization production function, which has

the solar zenith angle and the reduced scale height as indepen-

dent parameters [Rishbeth and Garriott, 19691. The solar zenith

angle variation is already determined by the data because the

satellite was in a sun-synchronous orbit so we simply have to

adjust the scale height variation to produce the best fit to the
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data. The best fit i; determined graphically using data obtained

during a geomagnetically very quiet high latitude pass occurring

close to the summer solstice, when the entire northern polar cap

was illuminated by sunlight. Since the S3-4 measurements at

northern latitudes occurred during northern hemisphere spring and

summer, all of the north polar F-region data discussed in this

report will refer to ionization characteristics determined after

removing the solar-dependent ionization. In this way only

effects associated with geophysical disturbances are considered

to remain in the data.

D. Geophysic al ly-Related Ioni zat ion

The data of orbit 244 in Figure 1 are replotted in Figure 2

with the alpha Chapman function determined for this pass super-

imposed as the thinner smooth line. The difference between the

two curves, N e-N es, is shown in the central panel of Figure 3

where N is the total density measured and N is the modelled
e es

solar-dependent ionization component. The density variation now

consists of enhancements and depletions relative to the reference

density variation given by N es. Thus, the auroral zone contains

strong density enhancements above the level that would occur if

sunlight were the only source of ionization, while the polar cusp

region contains both enhancements and depletions about the leel

determined by solar photoionization.

In addition to the 1-s average densities plotted in Figure

3, two other diagnostic parameters are shown in the figure. In

the lower panel there is a plot of the PMS density fluctuation

a N , rms determined from the data points used in the 1-s averages

e9

it -- - ant i 9



North Polar F-Region

S3-4 Orbit 244 3 1 March 1978

10,6 Avreral Zoo#
E

co 105

104L - bided Densiy No
9j-I - oir Depeedet Doesiy Cempemet NI'

UT (1111111) 1052 1954 1956 1956 2000
MLAT 101 73.4 81.1 65.6 60.1 72.2

MLT (ODIN) 2326 0039 0505 0838 0927
ALT 1kmI 169.5 165.3 181.2 171.3 173.3

SZA I 94.4 86.9 79.4 72.0 64.6

Figure 2. Total density measured on orbit 2 4 4, with the modelled
Chapman function for solar photoionization superimposed.
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North Polar F-Region

S3-4 Orbit 244 3 1 March 1978

N+1
E

40

cAirral Zoos Polar Coto a:
U 0

4-A

C-

4-0

410

UT IHRMNI 1952 1954 1956 1958 290
EILAT rl 73.4 61.1 65.6 86.' 72.2

MLT (HAHN) 2328 9030 0505 0838 0927
ALT tkmI 189.5 185.3 161.2 177.3 173.3

Figure 3. Total density after subtraction of the solar
Photo ionization, N -N es . thereby containing only
geophysical ly-rela ted variations of density (central Panel).
The total density curve is based upon I-s averaced data and
thus exhibits variations down to a minimum scal'e size of 7.5
km. The upper panel is the envelope of minimum and maximum
relative fluctuation amplitudes. The lower curve is the RMS
fluctuation amplitude for the scale sizes between 7.5 km and
75 m.



of the central panel. The RMS density thus contains information

about the fluctuation power for scale sizes 7.5 km > L > 75 m.

As indicated in Figure 3, the polar cusp and auroral zones are

shown to be a region of enhanced RMS density fluctuations. The

polar cap region on the other hand shows a relative absence of

RMS density fluctuations in the presence of larger scale (- 300

km) relative enhancements and depletions. The upper panel of

Figure 3 shows a plot of the peak relative amplitude AN e/!Ne

where both the maximum and minimum AN based upon the values used

in the 1-s average are determined and divided by the average

value. This ratio is constrained to always remain in the range

±1 by a weighting function similar to a tangent function in the

range ±7/2. Erroneous data tends to produce relative amplitudes

greatly exceeding ±1; erroneous points are given the extremum

values and are thus identified. Non-erroneous data can only

approach asymtotically close to ±1. In general, the relative

amplitudes are not distorted significantly by the weightinq

function until they reach values greater than about 1± 0.91. As

shown in Figure 3, the relative amplitudes AN e /Ne indicate large

relative fluctuations in density in the auroral zone. The abso-

lute values of these relative amplitudes are seen to maximize at

the large density gradients in the auroral zone. The polar cusp

is characterized by somewhat smaller values of peak relative

density amplitudes.

The data of Figure 3 illustrates the basic data analysis

approach of this study: the determination of 1-s averages of the

electron density with the solar ionization removed, with the

12



additional diagnostics of RMS density fluctuations and peak

relative amplitudes. An examination of these F-region irregula-

rity characteristics with respect to the location of the auroral

zone, polar cap, and polar cusp can therefore reveal the general

morphology of high latitude irregularities for scale sizes down

to L -P 75 m.

E. High Latitude Coverage

The sun synchronous orbit of 33-4 produced orbit

trajectories generally aligned with the 1030-2230 local time

meridian in geodetic coordinates. However, due to the daily

motion of the magnetic pole in a circle of radius P 110 about the

geodetic pole, the coverage of S3-4 extended over a polar region

including 1000-1200 rILT on the sunward side and 2100-2300 1ILT on

the anti-sunward side. The high latitude trajectories of orbits

244 and 1698, shown in the polar plot of Figure 4, essentially

indicate the dawnward and duskward limits of S3-4 coverage in

geomagnetic coordinates. The dots on the trajectories indicate

one-minute intervals, and the arrowhead shows the direction of

spacecraft motion. Several UT values are indicated, correspond-

ing to data plots in other figures. The auroral oval shown is

the model of Holzworth and Meng (1975) which is based upon DMSP

photographs that show discrete auroras encircling or nearly

encircling the magnetic pole. The oval boundaries are

essentially circles offset from the magnetic pole by varying

amounts depending on the value of the magnetic activity index Q.

The 0:2 auroral oval corresponds to moderately quiet conditions

and serves as a reference for the S3-4 data obtained for K <
p

2-3.

13



North Polar F-Region

/-Orbit 1698
/

/
1 2 ,--Orlt 2530

/606

0

MLAT-MLT COORDINATES
Figure 4. Polar plot of northernq high latitudes showing the

transpolar trajectories of orbits 2144, 1698, and 2539. The
black dots on the trajectories are one minute apart in UT. The
model auroral oval for Q=2 is included as a refcrence.
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The orbit 244 trajectory on Figure 4 indicates that between

about 1951 UT and 1953 UT the auroral oval is encountered.

Referring to the data plot of Figure 3 shows that the region of

enhanced densities, RMS fluctuations, and peak relative density

fluctuations identified with the auroral zone occurs in the same

UT interval. Likewise, the location of the polar cusp in Figure

3 at about 1959 UT corresponds with the cusp location at the

poleward edge of the auroral oval in Figure 4. The large scale

relative depletion centered at about 1955 UT in Figure 3 is

located well inside the auroral oval of Figure 4 very near the

region where polar cap ionospheric depletions or "holes" have

been reported [Brinton et al., 1978]. Thus, there is an apparent

good correspondence tetween the large scale geomagnetic

morphology implied by the auroral oval model of Figure 4 and the

occurrence of distinct density irregularities as shown by the

S3-4 data of Figure 3.

The trajectory for orbit 1698 in Figure 4 suggests that the

auroral oval is encountered on the duskward side between about

0821 UT and 0824 UT. The data plot for orbit 1698 is shown in

Figure 5 in a format similar to Figure 2, with the measured

density indicated by the heavy trace superimposed on the fitted

solar-dependent density component.

A relative density enhancement is detected between about

0821 UT and 0825 UT, which is thus identified with the auroral

zone. The long period of time, about 3 minutes, that the

spacecraft remains within the auroral zone is clearly due to the

orbit trajectory being nearly parallel to the auroral oval
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North Polar F-Region

S3-4 Orbit 1698 29 June 1978

Polar Cusp

"I

105

UT (HRMNI 0818 0820 0822 8824 0826

RLAT F) 01.6 67.4 71.4 72.4 70.1

MLT IHRMNi 1049 1856 1737 1555 1417
ALT Ikoi 207.0 202.2 197.7 102.8 188.5

SZA 101 88.0 803 72.6 650 57.4

Figure 5.To tal density measured during the orbit 1698 traversal

of the northern high latitudes, with the modelled solar
photoionization indicated.
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boundaries. At earlier times, corresponding to magnetic lati-

tudes A -, 600-680, relative density enhancements are also
m

evident. These enhancements may possibly be associated with the

diffuse auroras which generally extend to lower latitudes than

the discrete auroras upon which the auroral oval model of Figure

4 is based. The sharp density enhancement with narrow latitu-

dinal width at about 0826 UT is identified as the nolar cusp.

Referring to Figure 4 suggests that at 0826 UT, when the magnetic

0latitude )L m J70 , the spacecraft would be past the polar cusp.

We believe this apparent inconsistency arises only because the

boundaries of the oval model are statistically determined.

Discrete aurora can certainly occur at lower latitudes, such that

the poleward boundary of the auroral oval moves to about X M r 700.

Cusp locations based upon soft particle precipitation [Men-.

1983] have often been found at the location suggested by S3-4

data. In Figure 6 the density data is shown in the format of

Figure 3. The auroral zone now appears as a well-defined density

enhancement correlated with an increased level of RMS density

fluctuations. Relative fluctuations ANe/Ne in the auroral zone

are very small, suggesting that large density gradients are

absent at scale sizes above 75 m. With K 'i- 2, geomagneticP

conditions were relatively quiet during orbit 1698. However, in

the cusp region, narrow latitudinal structures are observed with

the RMS density fluctuation level reaching large values 'i 105

cm - 3 and relative amplitudes - ± 0.3. The cusp characteristics

in terms of density, RMS fluctuations, and relative amplitudes

are very similar to the case in orbit 244.

17



North Polar F-Region

S3-4 Orbit 1698 29 June 1978
AN,
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Figure 6. The orbit Io98 p!ot c F eophys ilaly-rlated den zity
variations , i n - Format ji,milar to Figure 3.
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As a final example of specific irregularity observations, we

examine orbit 2539 which had a trajectory passing approximately

through the center of the region of $3-4 high latitude coverage.

The K during this pass was about 1, quiet in terms of geo-P

magnetic disturbances. Orbit 2539 is also of particular interest

because, as Figure 4 illustrates, the trajectory passes through

1230 MLT and x m -P 750, near the most commonly detected location of

the polar cusp. The measured density profile on orbit 2539 is

presented in Figure 7. Density enhancements associated with the

polar cusp clearly stand out at 0350 UT. The structure of the

density enhancements suggests a fairly sharp onset of fluctua-

tions at the equatorward boundary with a gradual decrease in

fluctuations in the poleward direction. Larger scale but less

intense density enhancements are detected near 0345 UT and 0346

UT, which occur well within the polar cap. In Figure 8 we

present the orbit 2539 data after removing the solar-dependent

ionization component. Several features of the cusp are apparent.

Although individual density enhancements retain the narrow

latitudinal widths previously observed, the region of cusp-

associated enhancements is wider than previously observed, on the

order of 450 km. The low latitude boundary of the cusp suggests

that a finite transition region occurs there rather than a sharp

boundary. The RMS density fluctuations exceed 105 cm - 3 and

clearly show that the cusp contains a substantial level of small

scale fluctuations, while the relative amplitudes AN e /N e again

indicate that density gradients peak in the cusp. Poleward of

the cusp, both relative enhancements and depletions occur with

19



North Polar F-Region

S3-4 Orbit 2539 20 August 1978

Polar Cusp
Polar Cop

10Euuuumu

10

C
4I's

UT IHOMNI 0346 6346 6350 6352 6354
MLAT 101 81.6 79.9 73.7 65.2 58.4

ILT INRIN) 1727 1407 1231 1149 1127
ALT 1Wi 165.5 184.8 161.6 178.2 175.4

SZA 101 87.4 79.8 72.3 54.6 57.3
Figure 7. Total density measured dur ing the orb it 2539 traversal

of northern high latitudes, with the modella d solar
photo ionization. The polar cusp encounter shows a substantial
density enhancement abov'e the solar photo ioni zation backgound.
The polar cap density enhancement is of an intensity comparable
to auroral zone enhancements.
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North Polar F-Region

S3-4 Orbit 2539 20 August 1978
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Figure 8. The orbit 2539 plot of ceopnysically-reiated density
variations, in a format similar to vigurc3 3 and 6.

21



small variable levels of small scale fluctuations and density

gradients. The enhancement, centered at about C346 UT has an

increased RMS density fluctuation level, similar to auroral zone

fluctuations. However, referring to Figure 4 shows that at 0346

UT the spacecraft was near Xm s' 80 and thus well inside the

polar cap region. We suggest that the enhancement at 0346 UT may

therefore be associated with a polar cap auroral arc, possibly

sun-aligned arcs (Ismail et al., 1977; Meng, 1981] or perhaps the

center bar of the theta aurora discussed by Frank et al. , [1982].

Equatorward of the low latitude cusp boundary, distinct density

enhancements are also obvious. These enhancements appear to have

very little small scale structure as indicated by the low level

of RMS fluctuations and relative amplitudes.

III. Synoptic Study

A. Geophysical Morphology

In the nreceeding discussion we have shown specific examples

of density irregularities associated with the auroral oval

pattern for quiet to moderately disturbed conditions. In this

study, the auroral oval is assumed to represent the geophysical

morphology for particle precipitation and field-aligned currents,

both of which can lead to the density irregularities observed.

The correlation between density enhancements and the

statistically-favored locations of auroral arcs and the polar

cusp has been very good, in general.

Another possible source for density irregularities is

associated with polar cap plasma convection since density

gradients that might develop during convection can, in principal,
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drive plasma instabilities. Generally, the two-cell convection

pattern is skewed in different directions according to the

orientation of the interplanetary magnetic field (IMF) that

connects to the magnetosphere. For the S3-4 measurements we have

selected all high latitude passes, except one, to correspond to

the IMF y-component in solar ecliptic coordinates, to be nega-

tive, i.e. , to correspond to "away" sector structures in the

solar wind. We have adopted the figure of equipotential contours

determined by Heppner [1977) for IMF B negative to represent theY

high latitude convection pattern, as shown in Figure 9. A com-

parison of Figures 4 and 9 shows that the Q = 2 auroral oval is

well-correlated with the large scale features of the convection

pattern. Thus, the sunward portion of the auroral cval lies

exactly where the velocity convection streamlines reverse

direction from sunward to anti-sunward, and the two smallest

convection cells shown are centered near the higt latitud"

boundary of the auroral oval. The polar cap reflon, inside the

auroral oval, is entirely in the region of anti-sunward

convection. Figures 4 and 9 thus represent the underlying

geophysical morphology to which our measurements of density

irregularities will be referred.

B. Irregularity Morphology

The general morphology of F-region density irregularities

for the 1-s average measurements is shown by the gray-shaded

representation in Figure 10. The gray scale at the bottom of the

figure is used to convert a given density value to some shade of

gray. The gray scale is divided into ten levels of increasing
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North Polar Convection Streamlines
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Figure 9. High latitlide cowvetir- -tttirn for the

interplanetary maagnetic field B, cotnrcnnt negative. The
streamlines are based upon the ~L' ctr,.c field equipotential
contours of Heppner 119773.
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Figure 10. A gray-shaded polar plot (mAgrnetic latitude-m~agnetic

local time coordinates) of 1-s averaged density fluctliations
showing the distribution of irregularity scale sizes _'7.5 km.
The auroral oval and polar cusp exhibit the tiost intense
density fluctuations. Refer to Figure ~4 for the iuroral oval
model .
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darkness, corresponding to ten equal logarithmic increments of

electron density. Thus, the scale ranges from white for N <e

4 -3 5 -310 cm to black for N - 6.31 x 10 cm Each gray-shadede

element (analogous to a pixel in imaging systems) in the plot is

a square of spatial dimensions 150 km x 150 km. The 150-km

dimension parallel to the orbit trajectory corresponds to 20 s of
-1

time at a spacecraft velocity of 7.5 km s . The 150-km dimen-

sion perpendicular to the orbit trajectory is arbitrary, chosen

simply to give the pixel a finite size. The pixels are plotted

along the corresponding orbit trajectory in geomagnetic

coordinates. The white regions between orbit trajectories are

spatial regions not sampled by the spacecraft. The data interval

on each orbit is typically ten minutes long; therefore with a
-1

spacecraft velocity of 7.5 km s , about 30 pixels of gray

shading occur for each data interval. From trie twenty-one data

intervals selected, we can thus construct a 600-pixel "image" of

the density irregularities. A given pixel increment along the

spacecraft trajectory corresponds to twenty 1-s average values of

density. From each group of twenty we have picked the maximum

value of the 1-s averages to convert to the gray-scale used for

plotting Figure 10. Thus, the plot shows the measured high

latitude distribution of density irregularities for scale sizes L

- 7.5 km. A comparison of Figure 10 with Figure 4 illustrates

the relationship of the irregularity distribution with the

auroral oval model. The duskward side of the oval appears to

correlate well with the enhanced density values as indicated by

the darker shades in Figure 10. Individual black pixels on the
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sunward size correspond to the polar cusp observations of strong

density enhancements. The smoothing effect of the pixel size

obscures some of the cusp enhancements, however, every cusp

encounter in the data sample has been verified with detailed

plots such as Figures 3, 6 and 8. Evidence of polar cap density

enhancements are also present in Figure 10, especially near X M Pm

800 and 1800 MLT. If we take averages of the twenty values of

density within each pixel interval we obtain 20-s averages cor-

responding to scale sizes L - 150 km for the density irregulari-

ties. Figure 11 shows the gray-shaded "image" of these 20-s

averages. A comparison of Figures 11 and 10 shows that the 20-s

averages (L - 150 km) have tended to slightly narrow the duskward

region correlated with the auroral oval while providing somewhat

better definition of the anti-sunward portion of the auroral

oval. In addition, irregularities at latitudes equatorward of

the auroral oval seem to be more prominent. Some of the cusp

signatures, however, have disappeared at the L - 150 krn scale

size. The polar cap region appears to be relatively unchanged.

It should be noted that the gray scales for Figures 10 and 11 are

slightly different from each other, the scales having been

adjusted to produce the best contrast for each figure. Thus the

comparison done above is one of contrasts and not of particular

shades of gray.

As we have previously discussed the 1-s RMS density fluctu-

ations provide a measure of the strength of irregularities with

scale sizes 7.5 km > L > 75 m. The cusp and auroral zone were

both characterized by having a significant level of RMS density
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Figure 11. A gray-shaded polar plot, similar to Figure 10, of

20-s averaged density fluctuations. The distribution refers to
scale sizes > 150 km.
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fluctuations as shown in Figures 3, 6 and 8. In Figure 12 we

have plotted the 1-s RMS density fluctuations in gray-shaded

format. The value for each pixel in Figure 12 is the maximum of

the twenty 1-s RMS fluctuation values occurring within each pixel

increment. The figure confirms that scale sizes 7.5 km > L > 75

m have their greatest strengths in the polar cusp and auroral

oval. We have verified this general result by examining the

detailed individual data increments. At various regions within

the polar cap, 7.5 km > L > 75 m scale sizes are also evident,

however not to the same degree as in the cusp and auroral oval.

In Figure 1 3 we have produced power averages of the twenty RMS

fluctuation values within each pixel interval to obtain 20-s RMS

density fluctuation values. These values give the RMS fluctua-

tion level for scale sizes 150 km > L > 75 m, and thus represent

the total power for a wide spectrum of irregularities. In this

figure the cusp enhancements stand out again, however the auroral

oval and polar cap are much less distinguishable from each other.

IV. Summary and Conclusions

Our study of high-latitude F-region irregularities has shown

that for moderate geomagnetic activity conditions (K < 2-3),P

enhanced density fluctuations with scale sizes 150 km > L > 75 m

are associated with the polar cusp and uroral oval in the alti-

tude range 170-200 km. The density irregularities are presumably

a direct effect of particle precipitation in the cusp and auroral

zone. On individual orbital passes through the sunlit high

latitude F-region the cusp-associated irregularities are gene-

rally more intense than the auroral oval irregularities. Both
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Figure 12. A gray-shaded polar plot of 1-s averaged RMS density

fluctuations showing the distribution of irregularity scale
sizes between 7.5 km and 75 m.
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Figure 13. A gray-shaded polar plot of 20-s averaged RMS density

fluctuations showing the distribution of irregularity scale
sizes between 150 km and 75 m.
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irregularity regions, however, are substantial perturbations on

tre background photoionization. In the cusp region the maximum

density enhancements are observed to reach absolute densities

comparable to the F-region maximum due to photoionization in the

noontime equatorial region, i.e., about 106 cm - 3  while in the

auroral zone the maximum absolute density enhancements reach

5 -3about 8 x 10 cm Our study thus suggests that in the lower

F-region the precipitation associated with the polar cusp is more

effective in producing density enhancements than auroral precipi-

tation. This result appears to be at variance with calculations

by Roble and Rees [1977] which indicate that cusp soft particle

precipitation under sunlit conditions has little effect on the

background photoionization below about 300 km altitude.

Small scale (7.5 km >L> 75 m) density irregularities, are

found to be associated principally with the cusp and auroral

zones, there being a marked absence of these fluctuations within

the polar cap. These smaller scale irregularities are associated

with large scale fL ' 7.5 km) irregularities that occur in

regions of expected particle precipitation. Recent reports

[Kelley et al., 1982a; Keskinen and Ossakow, 1983a] suggest that

the small scale structure can result from the E2 x ; gradient

drift instability through a cascading from large scale irregular-

ities associated with structured particle precipitation. Thus,

the absence of structured particle precipitation in the polar cap

would explain the absence of small scale irregularities therein.

Kelley et al., show that an enhanced E-region conductivity, such

as would occur under the sunlit conditions of the present study,
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enhances the cross-field diffusion rate and therefore tends to

limit the lifetime of small scale irregularities. Irregularity

decay rates due to chemical recombination and diffusion are

expected to be equal at about 300 km altitude (Jones and Rees,

1973] with recombination rates dominant at lower altitudes.

Thus, for the altitude range of the present observations (170-200

kin) it is possible that polar cap small scale irregularities are

primarily removed by recombination even though an enhanced dif-

fusion rate is expected. The relative importance of the two

decay modes cannot be determined in the present study.

The overall morphology derived from our observation implies

that the large scale convection pattern does not appreciably

redistribute high latitude irregularities. When intense polar

cap irregularities are observed, for example, particle precipi-

tation is suggested rather than the effects of convection, such

as velocity shear. However, a characteristic convection effect,

the recombination decay of irregularities with long travel times

in regions free of particle precipitation may have been detected

in our Figures 10 and 11. The reduced level of irregularities in

the region X m80 and 0100 MLT of the polar cap corresponds

closely to the ionospheric "hole" reported by Brinton et al.

(1978]. A relative depletion in the same region is shown by the

density plot in Figure 3.

'e conclude that at the low altitude of our S3-4 observa-

tions the morphology of F-region irregularities is primarily the

result of particle precipitation, and that the precipitation

produces substantial density enhancements even in the presence of
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photoionization. The polar cusp in particular is a region of

strong density fluctuations, with auroral precipitation, both in

the auroral oval and in polar cap arcs producing nearly

comparable density enhancements.
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